ABSTRACT: Two comparative serial-slaughter experiments were conducted to determine whole empty body (WEB) composition and accretion rates of Ca and P in 18 to 109 kg BW pigs to provide information for modeling of these nutrients for growth. Both studies were conducted with 5 sets of 5 littermate barrows which were allotted to 5 slaughter groups in each study (Exp. 1: 18, 27, 36, 45, and 54 kg BW; Exp. 2: 36, 54, 73, 91, and 109 kg BW). Pigs were fed corn-soybean meal-based diets fortified with minerals and vitamins in 2 dietary phases in Exp. 1 (Phase 1: 18 to 36 kg BW; Phase 2: 36 to 54 kg BW) and 3 dietary phases in Exp. 2 (Phase 2: 36 to 54 kg BW; Phase 3: 54 to 78 kg BW; and Phase 4: 78 to 109 kg BW). At the predetermined BW, pigs were slaughtered and separated into body components of hair, hooves, blood, head, viscera, and carcass. The carcass was split along the dorsal midline and the left carcass side was ground for chemical analysis. Whole empty body weight averaged 93.6% and 94.0% of live BW in Exp. 1 and Exp. 2, respectively. As WEB weight increased in both experiments, the percentage carcass of the WEB linearly (P < 0.05) increased, the percentage viscera linearly (P < 0.05) decreased, and the mass (g) of N, ash, Ca, and P in the WEB increased linearly (R 2 = 0.98). The concentration (g/kg) of P in the WEB of 18 to 54 kg pigs increased from 4.30 to 4.57 (linear; P < 0.05) and for Ca increased from 5.13 to 5.66 (linear; P < 0.05). In Exp. 2, P concentration was not related to WEB weight and Ca concentration increased quadratically (P < 0.05). The relative accretion rate of N to P was 1.00 (R 2 = 0.99) in the pigs from 18 to 54 kg. In conclusion, these results indicate that compositional changes as BW increases are strongly related to P retention and that the quantification of WEB P and relationships of WEB P to other chemical components in the body may be useful for modeling purposes in growing and finishing pigs.
INTRODUCTION
The retention of Ca and P in whole body tissues is a major factor in determining the net dietary requirements of both nutrients (Jongbloed, 1987) . Phosphorus is found in every whole body tissue of the growing pig, with a large percentage (75%) found in bone, whereas whole-body Ca is largely concentrated (99%) in bone tissue (Just-Nielsen, 1972) . Wiseman et al. (2009) reported that the content of P and Ca as well as other minerals in the whole empty body (WEB) increased as pig BW increased from 25 to 125 kg. However, the total amounts of WEB Ca and P, the rates of accretion in various body tissues, and the relative distribution of P in the WEB of growing pigs have not been extensively studied in recent years, especially in modern genotypes of pigs. Also, much of the data describing P and Ca content of growing pigs has been conducted in ground carcasses, with limited information on the distribution of these minerals in carcass tissues components (bone, muscle, fat, skin) as well as in other body tissues (viscera, head, blood, etc.) . Data on the mineral composition of muscle and bone in younger growing pigs (<50 kg) also are scarce.
The purpose of these studies was to provide information on WEB content of P and Ca in growing and finishing pigs. These data would not only provide quantifiable information on the distribution of P and Ca in the body but also reflect changes in composition as live BW increases. Information of this nature is requisite to future modeling of these nutrients for growth.
MATERIALS AND METHODS
Experiments were conducted at the University of Kentucky, Lexington, under protocols approved by the University of Kentucky Institutional Animal Care and Use Committee.
Experiment 1
Five groups (replicates) of 5 littermate barrows (Hampshire × Yorkshire-Landrace) were assigned to slaughter weight groups predetermined to be 18, 27, 36, 45, and 54 kg. Littermates were used to minimize genetic variation. Pigs were allotted to weight groups such that initial BW of each group was as equal as possible. Pigs were penned individually in elevated nursery deck pens (1.2 × 2.4 m 2 ) with galvanized steel floors in a temperature-controlled room. Each pen contained a single-hole, stainless steel feeder where pigs were given ad libitum access to feed. Water also was provided on an ad libitum basis from a nipple waterer. Individual pig weight and feed disappearance were measured weekly.
Diets were formulated in 2 dietary phases (Phase 1: 20 to 40 kg; Phase 2: 40 to 60 kg). The composition and calculated analysis of diets are shown in Table 1 . Diets were fortified to exceed NRC (1998) requirements for Lys, Ca, and P by one-tenth of a percentage unit for 30 and 50 kg pigs in Phases 1 and 2, respectively. Analyses of diets were conducted for DM, CP (N × 6.25), Ca, and P.
Experiment 2
Twenty-five barrows (Duroc × Yorkshire-Landrace) were assigned to 1 of 5 predetermined slaughter weight groups of 36, 54, 73, 91 , and 109 kg. Four of the 5 replicates consisted of 5 littermate pigs allotted to weight groups such that 1 pig from each litter was represented at each slaughter weight. Two litters were represented in the fifth replicate. Pigs were assigned to weight groups such that average initial BW of each group were equalized. Pigs were penned individually in 1.2 × 1.2 m pens with plastic coated steel flooring. When pigs being fed to 91 or 109 kg BW reached approximately 73 kg BW, pens were increased in size to 1.2 × 2.4 m. All pigs were allowed ad libitum access to feed and water.
To maintain consistency between the 2 experiments, the 25 pigs in this study were selected from a pool of potential pigs (n = 32) that were selected at 20 kg BW and fed corn-soybean meal-based diets formulated to match Phase 1 diets as described for Exp. 1 until the initiation of Exp. 2. During the experimental period, pigs were fed Phase 2 diets to 60 kg BW, then fed Phase 3 (60 to 80 kg BW) and Phase 4 (80 to 110 kg BW) diets (Table 1) depending on their final slaughter weights. Analyses of diets were conducted for DM, CP (N × 6.25), Ca, and P.
Whole Empty Body Tissue Collection
Before slaughter and collection of all tissues, pigs were weighed and then transported to the slaughter facility where they were killed within 1 h after arrival. Pigs were electrically stunned, suspended by a rear leg, and exsanguinated. Blood was collected in a large container placed under the head of the suspended pig. Before blood collection, 150 mL of a 4% Na citrate solution was added to the collection vessel to prevent clotting of blood before mixing. After collection, blood was mixed, weighed, and subsampled. Blood samples were stored at -20°C before lyophilization (Freeze Dryer, Model 41, Virtis, Gardiner, NY).
After suspension in hot water (75°C; 2 min), pigs were placed in a mechanical dehairer. Sheets of plastic were placed below the dehairing unit to collect the hair. Hair remaining in the dehairing unit was collected and any remaining hair on the carcass was removed by scraping with a knife. The hair was rinsed thoroughly with distilled water to remove blood and fecal contamination and allowed to air dry for 24 h. Hooves were removed from the carcass during the dehairing process.
The head was removed from the carcass by inserting the knife into the neck, caudal to the ear, and separating the spinal column distal to the axis vertebrae. The separating cut continued horizontally through the ventral portion of the neck. The jowl was removed with the head. The viscera were removed beginning with the large intestine and followed by other internal organs (small intestine, stomach, liver, pancreas, and spleen) contained in the abdominal body cavity. The diaphragm was removed along with the heart, lungs, esophagus, and trachea contained in the thoracic cavity. The kidneys and all leaf fat were removed from the carcass and combined with the other visceral organs. The stomach, small intestine, bladder, and large intestine were opened with scissors and rinsed clean of all contents. The small and large intestines were unfurled by removing all mesentery and connective tissues. The elongated intestines were then opened from end to end so that the inner intestinal lining could be exposed and rinsed of all digesta and digestive secretions. Excess water was squeezed by hand from the rinsed intestines before obtaining an empty visceral weight. A weight was collectively taken for all visceral components. The empty viscera were stored at -20°C before further processing.
Following dehairing and removal of the hooves, the carcass was further scraped with a knife to remove all visible hair stubble. Each carcass was weighed and then placed in a cooler (1°C) overnight. The following day, while still hanging on the rail, each carcass was weighed to determine moisture loss and then carefully split with a manually-operated meat saw along the dorsal midline. The ventral portion of the vertebrae served as a visual marker to split the vertebral column in the middle of each spinal process such that the carcass was equally represented by a right and left half. Each half was weighed, wrapped in plastic, and placed into a cardboard box for storage (-20°C) .
Whole Empty Body Tissue Processing
After whole body tissues were collected, the whole body components were further processed to obtain a homogenized sample for lab analyses. The left half of each carcass was ground individually in a large meat grinder (Model 801, Autio Co., Astoria, OR). In Exp. 1, the viscera were combined with the head, then frozen and ground in the same manner as the left carcass half. In Exp. 2, viscera and head were ground separately. The whole body components were taken directly from the freezer and ground to pass through a 6-mm plate and were collected in a large plastic tub. A generous portion of dry ice was added to the once-ground tissue and mixed into the sample by hand. The entire tub of ground tissue was ground twice more with dry ice added between grindings. A subsample of each tissue group was taken from the tub by randomly sampling the mixture.
Samples of ground carcass, viscera with head, and blood were dried to a constant weight by lyophilization. Blood samples were thawed in a cooler (5°C), poured into a 1.6 × 3.2 cm metal pan, and placed into the freeze dryer for 5 to 6 d. All samples were removed from the dryer and allowed to air equilibrate for 24 h before reweighing to determine moisture loss. Dried samples of blood and viscera were homogenized by grinding in a small grinder (KSM 2B, Braun Inc., Woburn, MA). Dried, ground carcass and viscera with head were homogenized in a small food processor (HC 3000, Black and Decker Inc., Shelton, CT). All ground tissue samples were analyzed for DM, N, fat, ash, Ca, and P. Blood samples were analyzed for DM, N, ash, and P. Calcium content was analyzed in 5 random blood samples and determined to be negligible (data not shown).
Hooves were dried in a forced-air oven at 55°C and air equilibrated for 24 h before being weighed to measure moisture loss. Both hair and hooves were then ground in a Wiley Laboratory Mill (Model 3, Arthur H. Thomas Co., Philadelphia, PA) to pass through a 2-mm screen and then analyzed for DM and N. Hair samples were further homogenized by cutting with scissors to reduce particle size. Five random, individual samples of hair and hooves were analyzed for P content and levels were determined to be negligible (data not shown).
Laboratory Analysis
All N analyses were conducted using a gas combustion method (method 990.03; AOAC, 2003) with an automatic N analyzer (FP-2000, Leco Corp., St. Joseph, MI) using L-glutamic acid (Merck, Darmstadt, Germany) as a standard. Fat (including all neutral, compound, and sterol lipid molecules) was extracted from the sample using ethyl ether (method 920.39; AOAC, 2003) in a fat extraction unit (Tecator 1043, Foss, Silver Spring, MD). The percentage ash content of whole body tissues was determined by weighing 2 to 3 g of sample into a dried and preweighed porcelain crucible. Samples were placed into a muffle furnace and heated to 600°C overnight (method 942.05; AOAC, 2003) .
Phosphorus concentration in all tissue samples was determined by gravimetric procedures following wet-ashing (modification of method 968.08; AOAC, 2003) . Calcium concentration in tissue samples was determined by atomic absorption spectrophotometry (Thermoelemental, SOLAAR M5, Thermo Electron Corp., Verona, WI) at a wavelength of 422.7 nm (modification of method 927.02; AOAC, 2003) using a Ca reference solution (1,000 ppm; Fisher Scientific, Fair Lawn, NJ) for development of the standard curves.
Calculations
Absolute chemical composition (g) of WEB components were calculated by multiplying the analyzed percentage of the chemical component, as determined in a dry sample, by the dry weight of the body component. Concentrations (g/kg) of chemical components in each body component were determined by dividing the weight of chemical component by the fresh weight of the whole body component. For split carcasses, the percentage that the left or right half comprised of the whole carcass weight taken before splitting was used as a multiplicative factor to adjust each half carcass composition to a whole carcass basis.
Statistics
The data were analyzed as a randomized complete block design (Steel et al., 1997) using the GLM procedure of SAS (SAS Institute, Inc., Cary, NC; version 8.2). The statistical model included slaughter weight groups as treatments and replication. Orthogonal polynomial coefficients were used to partition treatments into linear, quadratic, cubic, and quartic components. In all instances, the individual pig was considered the experimental unit. Relative accretion rates of chemical components across both studies were calculated by regressing the weight of chemical component on the WEB weight of pigs and regressing N, ash, and Ca contents on P content in the carcass and WEB using the REG procedure of SAS. For the comparison of relative accretion rates of chemical components and whole body components, the natural logarithm was calculated for each pig and then linear regression analysis was performed to obtain relative growth coefficients (slopes) using the REG procedure of SAS. Unless stated otherwise, an α level of P < 0.05 was considered statistically significant.
RESULTS
In Exp. 1, initial BW for pigs in the 5 slaughter groups of 18, 27, 36, 45, and 54 kg BW averaged 17.4, 17.9, 18.2, 18.4, and 18 .2 kg, respectively. All pigs appeared to be in good health throughout the duration of the experiment and no signs of internal abnormalities were observed on slaughter of the pigs. Across weight groups, WEB weight averaged 93.6% of live BW, which indicates that approximately 6.4% of live BW consisted of gastrointestinal and bladder contents.
During the period of growth encompassed by the weight ranges in Exp. 1, ADG increased linearly (P < 0.01), but pigs in the weight range of 36 to 45 kg gained at a similar rate to pigs in the range of 27 to 36 kg, thus an overall cubic (P < 0.05) response was observed (Table 2) . Feed intake increased linearly (P < 0.01) with increasing live BW; however, efficiency of gain decreased linearly (P < 0.01). Phosphorus intakes for each weight group were used to calculate the efficiency of P accretion in the WEB of each weight group. Accretion of P as a percentage of P intake decreased linearly (P < 0.01) with increasing BW. The efficiency of Ca retention in the WEB decreased quadratically (P < 0.05) from 18 to 54 kg BW. In 6, 36.3, 37.7, 36.4, and 37 .2, respectively. The live BW gains of pigs from 36 to 54, 54 to 73, 73 to 91, and 91 to 109 kg are given in Table 2 . One pig was removed from the analysis of data for growth and accretion rate from 91 to 109 kg, as its recorded days between weights was greater than 1.5 standard deviations from the mean of the group. Rate of live BW gain increased up to an average of 82 kg (mean of 73 to 91 kg group) but then declined in 102 kg (mean of 101 to 109 kg group) pigs; however, no significant overall effect was observed. Feed intake increased linearly (P < 0.01) across all weight groups studied, and consequently P and Ca intakes increased in a linear (P < 0.01) fashion. The efficiency of P retention in WEB was greatest for pigs in the lightest weight range, declined to an average of 31.3% for pigs from 54 to 91 kg, and then declined further in the heaviest weight group, resulting in an overall cubic (P < 0.05) response. For Ca, the greatest percentage retention was for pigs between 73 and 91 kg BW (48.3%) and the lowest from 91 to 109 kg BW (34.0%) with no significant relationship between retention of Ca and live BW from 36 to 109 kg BW.
The final live BW and weights of WEB and each body component (carcass, empty viscera, head, blood, hair, and hooves) and the distribution of these components as a percentage of WEB weight are shown in Table 3 . In Exp. 1, weight of the WEB and each empty body component increased linearly (P < 0.01) with increasing live BW. As pigs increased in weight, the carcass contributed an increasing percentage of the WEB (linear, P < 0.01; quadratic, P < 0.05); however, empty viscera (linear, P < 0.01) and head (linear and quadratic, P < 0.01), as a percentage of WEB weight, decreased as live BW increased. Blood percentage decreased linearly (P < 0.05) and the hair + hoof component maintained a constant percentage of WEB weight as live BW increased, averaging 0.35%.
In Exp. 2, the WEB averaged 94.0% of live BW across all groups. The carcass, as a percentage of WEB, increased linearly (P < 0.01) as pigs increased in live BW from 36 to 109 kg, whereas viscera, head, and blood decreased linearly (P < 0.01) as a percentage of WEB. Hair + hoof was numerically variable between weight groups with a quadratic (P < 0.05) relationship to live BW.
The content of N, fat, and ash in empty body components are shown in Table 4 and for P and Ca in Table  5 for both experiments. In Exp. 2, quantitatively, N, ash, fat, P, and Ca all increased linearly (P < 0.05) as BW increased. Logically, the carcass contributed the greatest percentage to the total for all chemical components. The carcass increased its percentage contribution to WEB N, fat, ash, and P, as BW increased, but this trend did not occur for Ca. Empty viscera declined linearly (P < 0.05) in its contribution to WEB N but increased linearly (P < 0.05) for WEB fat. Head contributed increasingly less fat to WEB fat content but increased as a percentage of ash and Ca, presumably because the highly mineralized skull became a greater proportion of the head component. As expected, blood and hair + hoof were small contributors to WEB composition in general, but hair + hoof did increase from 1.7 to 2.1 percentage units, respectively, in its contribution to WEB N as pigs increased in BW from 36 to 109 kg. Phosphorus from the head and carcass increased as a percentage of WEB P from 36 to 109 kg. Empty viscera showed the most dramatic change, decreasing from 5.5 to 2.9 percentage units of P, respectively from 36 to 109 kg BW. For both experiments, total body P and Ca concentrations are shown in Table 6 . The concentration of P in the WEB changed quadratically (P < 0.05) in 18 to 54 kg pigs (Exp. 1); however, in Exp. 2, P concentration was not related to live BW. Similarly, carcass P concentration increased in a quadratic fashion from 18 to 54 kg BW in Exp. 1, but carcass P did not change relative to live BW from 36 to 109 kg BW in Exp 2. Calcium concentration in the WEB increased with each increase in live BW in both experiments. Calcium concentration was quadratically related to live BW (P < 0.05) in the WEB and in carcass in Exp. 1 and the WEB in Exp. 2; however, Ca concentration in the carcass was not influenced by live BW for pigs from 36 to 109 kg BW in Exp 2. Across both experiments, when WEB content (g) is regressed on WEB size (kg), the slopes of the linear equations, which are also estimates of the average concentrations of P and Ca in WEB, were 4.46 and 5.99 g/kg, respectively (data not shown).
Because both experiments were conducted in pigs from sows of similar genotypes, the data were combined to establish the relationship of the chemical component to the WEB and to use the slope of the linear relationships to estimate the accretion rate of chemical components in the WEB (Fig. 1) . As expected, fat content (estimated by ether extract) in relation to WEB weight is best described by a quadratic equation with greater amounts of fat being deposited in heavier pigs. The rates of N and ash accretion were numerically similar and in a ratio of 1.06 to 1 (N:ash) from 19 to 109 kg BW. Calcium and P were retained in a 1.46 to 1 ratio (Ca:P) from 18 to 109 kg BW as estimated from the slopes of the linear equations of Ca and P content regressed on WEB weight (Fig. 1) .
Combining the data also allowed for the regression of N, ash, and Ca contents against P content across the growing period from 18 to 109 kg BW in carcass and WEB. Across both experiments, the relationship of N to P in carcass and WEB are shown in Fig. 2 . Nitrogen was linearly (P < 0.01) related to P in carcass and WEB; for WEB N, the equation indicates that 5.80 g of N was deposited for every 1 g of P. Linear (P < 0.01) relationship was also observed between N and P in the separated carcass with N:P ratios of 5.61. Similarly, ash was related to P with a slope of the linear (P < 0.01) equation indicating that P comprised, on average, 18.2% of WEB ash with little numeric variation in carcass (18.6%). Calcium to P ratio of the WEB (1.46) most closely corresponded to the Ca:P in the carcass (1.44).
With the natural logarithm of each value for WEB weight and the mass of ash, N, P, and Ca, the relative accretion rates of ash, N, P, and Ca to WEB weight were defined by linear regression analysis (Table 7) . Growth coefficients for ash, N, P, and Ca in Exp. 1 were 0.99, 1.05, 1.06, and 1.08, respectively, whereas in Exp. 2, those for ash, N, P, and Ca were 1.06, 0.97, 1.05, and 1.15, respectively.
DISCUSSION
In the current study, WEB weight averaged 93.6 and 94.0% of live BW in Exp. 1 and 2, respectively, which agrees with Mahan and Shields (1998; 93 .4% of live BW) and Wagner et al. (1999; 92 .2% of live BW). As BW increased, weight of WEB, carcass, Figure 1 . Relationship of fat, N, ash, Ca, and P content to whole empty body (WEB) weight and their corresponding equations in 18 to 109 kg BW growingfinishing pigs. The left y axis represents the relationships of N, ash, Ca, and P to WEB weight and the right y axis represents the relationship of fat to WEB weight. viscera, head, and blood linearly increased as expected. However, carcass, as a percentage of the WEB, increased as BW increased, whereas viscera, head, and blood, as a percentage of WEB, decreased; this changing relationship agrees with Wagner et al. (1999 ). de Lange et al. (2003 also reported an inverse relationship of viscera organs, as a percentage of BW, with increasing BW. As BW increased, all chemical components in the WEB measured in this study such as N, fat, ash, Ca, and P increased, which is in good agreement with Mahan and Shields (1998) , who reported that body protein, ash, Ca, and P increased with increasing BW from birth to 145 kg, and Wagner et al. (1999) , who reported that the mass of body protein, fat, and ash increased with increasing BW from 25 to 152 kg. The mass of N, fat, ash, Ca, and P in several body components such as carcass, viscera, head, and blood also increased as BW increased. Although there was limited information for content of chemical components in different body components, these results demonstrate that the increased content of chemical components in WEB results from increased content of chemical components in all body components (carcass, viscera, head, and blood).
In the current study, daily intake of Ca and P exceeded both NRC (1998) and NRC (2012) requirement estimates, indicating that the approaches in this study to estimate Ca and P requirements and demonstrate rela- tionships of Ca and P accretions with the growth of body components were not limited by an inadequate supply of those minerals. The primary objective of these studies was to determine the concentration of Ca and P in the WEB tissues of growing pigs to quantify the daily requirement for P to meet the demands of growing tissues. These data initially indicate that the concentration (g/kg) of Ca and P is somewhat variable from pig to pig and does not appear to be constant across all BW. However, when the mass of each mineral is regressed against WEB weight, the relationships are linear and provide a general means of estimating Ca and P content from WEB weight. The pigs in this study, on average, gained 6.71 g of Ca and 4.58 g of P for every 1 kg increase in WEB.
Very little data exist regarding the whole body accretion and distribution of P in the WEB of young, growing pigs. Mahan and Shields (1998) measured P retention in pigs from fetus to 145 kg, and 4 weight groups from their studies were similar to the final slaughter weights investigated in the current study. When regressing P content on WEB weight for pigs in these similar weight groups, the slope of the linear equation was 5.15. This value is numerically similar to the relationship found in the current study, especially when considering the potential differences of pig genotype, collection procedures, and analytical techniques, which can bring variability to body composition data. Other studies in the literature where P content of WEB was measured do not provide sufficient data in young pigs at similar weights to make valid comparisons to this study.
In general, the average P concentration in the WEB found in this study is lower than previously reported. Concentrations of P in WEB in pigs of similar weights range from 5.0 g/kg WEB (Hendriks and Moughan, 1993; Mahan and Shields, 1998) to 5.6 g/kg WEB (Rymarz, 1986) . As previously discussed, P content in the bodies of pigs can differ depending on genetic background and nutritional status. The concentration of P, as an amount per kilogram of WEB, presents compositional information on an equivalent BW basis and reflects physiological age and body maturity (Wiseman et al., 2009) . Therefore, trends in P concentration as BW increases can be compared between studies regardless of mean P concentration. From the data reported by Mahan and Shields (1998) , the concentration of P increased from birth to weaning, was fairly constant from 20 to 75 kg, and then linearly increased to 145 kg. Wiseman et al. (2009) reported linear increase of P concentration in the WEB as BW increased from 20 to 125 kg. In contrast, Rymarz (1986) reported that P concentration of the WEB gradually increased in the young pig, maximized to 5.9 g/kg at 100 kg BW, and then gradually decreased before reaching a constant concentration in pigs greater than 120 kg.
As for Ca content in the WEB in young growing pigs, Mahan and Shields (1998) determined the relationship to be linear with a slope of 7.79. This value is greater than the 6.71 g/kg found in this study. Many factors may contribute to this discrepancy; however, a key factor is that the process by which whole body samples are taken and sampled can influence observed Ca content due to the difficulty in homogenizing samples containing bone fragments. This ratio of Ca accretion per unit of WEB gain in the current study is greater than that for P, which agrees with published reports (Mahan and Shields, 1998; Wiseman et al., 2009 ) and is reflective of the greater concentration of Ca in bone tissue as pigs mature.
The Ca:P ratio has been found to be variable across studies and rarely constant across varied BW (Crenshaw, 2001 ). The Ca:P ratio determined in this study is lower than previously reported in any studies in the literature. As stated previously, this current study differs in the estimation of whole body Ca content from other published reports which undoubtedly accounts for the discrepancy in Ca:P. If it is assumed that the Ca content of the pigs differed due to pig and/ or analytical differences but the variation was equal across weight groups, the trend in Ca:P across the BW studied is similar in this study to that reported by Mahan and Shields (1998) . The ratio of Ca to P appears to remain unchanged in the young and growing pig. When P retention in soft tissue and bone is similar during this period relative to whole body growth, the mineralization of bone may be occurring at the same rate as the need for P in growing lean muscle tissue. Certainly, as the rate of lean tissue accretion begins to slow at heavier weights, coupled with increased mineralization of bone, the Ca:P may increase with increased Ca deposition in bone. Whether this is ob- served in heavier pigs (>110 kg) analyzed under the conditions of this study needs to be further addressed. In the current study, a positive linear relationship between P and N content in the WEB was observed and the relationship between P and N content in carcass followed that in the WEB. Additionally, ash and Ca content was linearly correlated to P content in the WEB and carcass. These results indicate that accretion of N, ash, and Ca are closely related to P accretion in WEB and carcass.
Following the observations described above, the natural logarithm of each value for WEB weight and the mass of ash, N, P, and Ca were calculated for all pigs so that the relative accretion rates of ash, N, P, and Ca to WEB weight were plotted and the linear relationships were confirmed. In Exp. 1, the results of growth coefficients (0.99, 1.05, 1.06, and 1.08 for ash, N, P, and Ca, respectively) indicate that whole body N, P, and Ca were being deposited at a faster rate than whole body growth, whereas ash was being deposited slower than whole body growth. However, growth coefficients of ash, N, P, and Ca in Exp. 2 did not follow those in Exp. 1. This agrees with Emmans and Kyriazakis (1999) , who reported that growth coefficients of body components (i.e., carcass) and chemical components are not constant with whole body growth across the entire growth curve. In Exp. 1, the similarity of N and P growth coefficients were confirmed when N gain relative to P gain was plotted and the resulting coefficient was 1.00. This seems to indicate that the rates of ash, N, P, and Ca retention are slightly different from WEB growth; however, the gain of P and N appears to be equal, and thus linear equations derived from this relationship are valid. Although this phenomenon may not be true in heavier weight pigs, in this data set of pigs from 18 to 54 kg, N gain may be the best predictor of P gain when using simple linear regression.
Implications
Information provided by this study allows for the quantification of WEB P and relationships of WEB P to other chemical components in the body, which may be useful in predicting P retention in growing and finishing pigs. Also, these data indicate that body compositional changes as BW increases play a crucial role in the understanding of P retention. This factor must be understood relative to changes in lean muscle deposition to predict lean growth rate changes on P retention in the WEB.
